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CLOCK AND DATA RECOVERY CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technique of extracting a 

clock signal from input data in an LSI at the receiving end in 
the serial transmission of data betWeen LSIs. 

2. Description of Related Art 
With the progress of semiconductor technology, data trans 

mission betWeen LSIs is serialiZed. In order to reduce elec 
tromagnetic interface (EMI) in the serial data transmission, 
there is knoWn a technique of performing frequency modula 
tion using a spread spectrum clock in an LSI at the transmit 
ting end and then extracting a clock from frequency-modu 
lated serial data by a clock and data recovery circuit in an LSI 
at the receiving end. 

FIG. 7 is the illustration shoWn in FIG. 1 of Japanese 
Unexamined Patent Application Publication No. 2005-5999, 
and it shoWs the clock and data recovery circuit Which is 
disclosed therein. The clock and data recovery circuit 
includes a phase detector 101, an integrator 102, an integrator 
103, a pattern generator 104, a mixer 105, and a phase inter 
polator 106. The phase detector 101 compares the phase of 
input serial data With the phase of a synchronous clock signal 
Which is output from the phase interpolator 106 and outputs a 
comparison result. Based on the comparison result, a fre 
quency tracking loop Which is formed by the integrator 103 
and the pattern generator 104 tracks the phase shift at loW 
frequencies or the frequency shift, and a phase tracking loop 
Which is formed by the integrator 102 tracks the phase shift at 
high frequencies Which cannot be tracked by the frequency 
tracking loop. The mixer 105 mixes the results of the fre 
quency tracking loop and the phase tracking loop. Based on 
the mixture result, the phase of the synchronous clock signal 
Which is output from the phase interpolator 106 is controlled, 
thereby extracting the clock of the serial data. 

The phase detector 101 detects a difference in phase 
betWeen the serial data and the synchronous clock signal and 
outputs an up signal UP1 or a doWn signal DOWN1 Which 
indicates the difference as a comparison result. The integrator 
102 and the integrator 103 are up/doWn counters that smooth 
the comparison result to obtain UP2/DOWN2 and UP3/ 
DOWN3, respectively, and output them as control signals. 
The integrator 102 and the integrator 103 respectively have a 
predetermined count Width. The pattern generator 104 gen 
erates a control signal UP4/DOWN4 for correcting the fre 
quency of the synchronous clock signal based on the control 
signal UP3/DOWN3. 
The phase detector 101 outputs “1” for the up signal UP1 

When the phase of the synchronous clock signal should be 
advanced. On the other hand, the phase detector 101 outputs 
“1” for the doWn signal DOWN1 When the phase of the 
synchronous clock signal should be delayed. 

Because the phase tracking loop tracks the high-frequency 
phase shift and the frequency tracking loop tracks the fre 
quency shift or the loW-frequency phase shift, the count Width 
of the integrator 102 is set to be smaller than the count Width 
of the integrator 103. The integrator 102 and the integrator 
103 operate in the same manner except that the count Width is 
different, and thus the integrator 103 only is described here 
inafter. 

The integrator 103 counts from “—m” to “+m” and the 
count Width is “m+1” (m is an integer). The integrator 103 
counts up When UP1 is “1” and counts doWn then DOWN1 is 
“1”. When the count value is “+m” and UP1 is “1”, the 
integrator 103 outputs “1” for UP3 and performs clear opera 
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2 
tion Which sets the count value back to 0. When the count 
value is “—m” and DOWN1 is “1”, the integrator 103 outputs 
“1” for DOWN3 and performs clear operation Which sets the 
count value back to 0. 

In this manner, the signals UP1 and DOWN1 are smoothed 
by the integrator 103 . As the count Width of the integrator 103 
is larger, the period of smoothing UP1 and DOWN1 is longer. 
Thus, the count Width of the integrator 103 is a smoothing 
period. 
The signal UP3/DOWN3 Which is output from the integra 

tor 103 is input to the pattern generator 104. 
FIG. 8 is the illustration shoWn in FIG. 7 of Japanese 

Unexamined Patent Application Publication No. 2005-5999, 
and it shoWs the con?guration of the pattern generator 104. 
The pattern generator 104 includes a counter 141 that receives 
a clock signal and repeatedly counts from 0 to a predeter 
mined upper limit in synchronization With the clock, an 
up/doWn counter 142 that receives the control signal UP3/ 
DOWN3 from the integrator 103 and the clock signal and 
counts up or counts doWn, and a decoder 143 that receives and 
decodes the count values from the counter 141 and the 
up/doWn counter 142 and outputs it as a result of the fre 
quency tracking loop. 
The pattern generator 104 outputs “1” for UP4 Which indi 

cates that the phase of the clock signal is advanced or outputs 
“1” for DOWN4 Which indicates that the phase of the clock 
signal is delayed, respectively several times in each period 
With a predetermined length that is represented by the number 
of clocks or cycles. The frequency of outputting “1” for UP4 
or outputting “1” for DOWN4 in each period is determined by 
the state of UP3/DOWN3 from the integrator 103. Speci? 
cally, if UP3 With “ 1 ” is output successively, the frequency of 
outputting “1” for UP4 increases or the frequency of output 
ting “1” for DOWN4 decreases. On the other hand, if 
DOWN3 With “1” is output successively, the frequency of 
outputting “1” for DOWN4 increases or the frequency of 
outputting “1” for UP4 decreases. 
The length Which is represented by the number of cycles is 

called a pattern length of the pattern generator 104. The 
pattern length of the pattern generator 104 is determined by 
the count Width of the counter 141. The count Width of the 
up/doWn counter 142 is generally the same as the count Width 
of the counter 141. For example, if the counter 141 counts 
from “0” to “k” (k is an integer) and the count Width is “k+1”, 
the up/doWn counter 142 generally counts from “—k” to “+k” 
and the count Width at one side is “k+1”. The pattern length of 
the pattern generator 104 is “k+1”. The count Width of the 
up/doWn counter 142 may be different from the count Width 
of the counter 141. 

FIG. 9 is the illustration shoWn in FIG. 10 of Japanese 
Unexamined Patent Application Publication No. 2005-5999, 
and it shoWs another clock and data recovery circuit Which is 
disclosed therein. The clock and data recovery circuit is dif 
ferent from the clock and data recovery circuit shoWn in FIG. 
7 in that the frequency tracking loop and the phase tracking 
loop share the integrator 102. 
As described in the foregoing, in the frequency tracking 

loop of the clock and data recovery circuit shoWn in FIG. 7, as 
the count Width of the integrator 103 is larger, the smoothing 
period is longer, so that the frequency tracking loop is less 
sensitive to the phase shift of serial data. This deteriorates the 
effect of frequency correction of the clock and data recovery 
circuit and thereby decreases the tolerance to jitter at loW 
frequencies (Which is referred to simply as jitter tolerance). 
On the other hand, as the count Width of the integrator 103 

is smaller, the smoothing period is shorter, so that the fre 
quency tracking loop is more sensitive to the phase shift of 
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serial data. The inventor of the present invention has studied 
and found that overcorrection of a frequency occurs in a 
particular frequency range to cause a decrease in jitter toler 
ance. This is possibly because if the count Width of the inte 
grator 103 is small, the phase is fed back With a delay With 
respect to input jitter in the frequency tracking loop. 

This is the same for the clock and data recovery circuit 
shoWn in FIG. 9. 

SUMMARY 

According to an embodiment of the present invention, 
there is provided a clock and data recovery circuit. The clock 
and data recovery circuit includes a clock generator to gen 
erate a synchronous clock signal, a phase detector to compare 
a phase of the synchronous clock signal obtained by the clock 
generator With a phase of serial data and obtain a phase error 
signal corresponding to a comparison result, a phase tracking 
loop to acquire a phase correction control signal for tracking 
phase shift of the serial data based on the phase error signal, 
and a frequency tracking loop to acquire a frequency correc 
tion control signal for tracking freq. The clock generator 
corrects the phase of the synchronous clock signal based on 
the frequency correction control signal and the phase correc 
tion control signal. 

In the above clock and data recovery circuit, the frequency 
tracking loop includes a ?rst smoothing unit to receive the 
phase error signal obtained by the phase detector as an input 
signal, smooth the input signal in each smoothing period With 
a predetermined length and output a smoothed error signal, 
and a pattern generator to generate a pattern for changing the 
phase of the synchronous clock signal at a frequency corre 
sponding to the smoothed error signal in each pattern genera 
tion period With a predetermined length and output the pattern 
as the frequency correction control signal. The ?rst smooth 
ing unit changes the length of the smoothing period according 
to a direction of a change in the frequency of generating the 
frequency correction control signal. 

The implementation of the above clock and data recovery 
circuit as a method, an apparatus or a system is also effective 
as an embodiment of the present invention. 

The technique of the present invention improves jitter tol 
erance in a clock and data recovery circuit Which extracts a 
synchronous clock signal from serial data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features of the 
present invention Will be more apparent from the folloWing 
description of certain preferred embodiments taken in con 
junction With the accompanying draWings, in Which: 

FIG. 1 is a vieW shoWing a clock and data recovery circuit 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a vieW shoWing a pattern generator in the clock 
and data recovery circuit shoWn in FIG. 1; 

FIG. 3 is a vieW shoWing an example of a truth table Which 
is used in a decoder in the pattern generator shoWn in FIG. 2; 

FIG. 4 is a vieW shoWing the effect of improving jitter 
tolerance by the clock and data recovery circuit shoWn in FIG. 
1; 

FIG. 5 is a vieW shoWing a clock and data recovery circuit 
according to a second embodiment of the present invention; 

FIG. 6 is a vieW shoWing a clock and data recovery circuit 
according to a third embodiment of the present invention; 

FIG. 7 is a vieW shoWing a clock and data recovery circuit 
according to a related art; 
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4 
FIG. 8 is a vieW shoWing a pattern generator in the clock 

and data recovery circuit shoWn in FIG. 7; and 
FIG. 9 is another vieW shoWing a clock and data recovery 

circuit according to the related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention Will noW be described herein With reference 
to illustrative embodiments. Those skilled in the art Will rec 
ogniZe that many alternative embodiments can be accom 
plished using the teachings of the present invention and that 
the invention is not limited to the embodiments illustrated for 
explanatory purposes. 
The embodiments of the present invention are described 

hereinafter With reference to the draWings. 

First Embodiment 

FIG. 1 shoWs a clock and data recovery circuit 200 accord 
ing to a ?rst embodiment of the present invention. The clock 
and data recovery circuit 200 is placed in a receiving device of 
serial data Which is frequency-modulated using a spread 
spectrum clock, and it extracts a synchronous clock signal 
from received serial data. 
The clock and data recovery circuit 200 includes a phase 

detector 210, a control signal acquisition unit 220, a mixer 
260, and a phase interpolator 270. 
The phase interpolator 270 obtains a synchronous clock by 

changing the phase of an input clock and outputs the synchro 
nous clock to the phase detector 210. The phase interpolator 
270 thus serves as a clock generator. 
The phase detector 210 receives a synchronous clock and 

serial data. The phase detector 21 0 compares the phases of the 
serial data and the synchronous clock, and outputs a carry 
signal C1 Which indicates that the phase of the synchronous 
clock should be shifted and a sign signal S1 Which indicates 
the direction of phase shifting as a comparison result. Spe 
ci?cally, if the phase of the synchronous clock delays behind 
the phase of the serial data, the phase detector 210 outputs “ 1 ” 
for C1 and “1” for S1 in order to advance the phase of the 
synchronous clock. On the other hand, if the phase of the 
synchronous clock is leading ahead of the phase of the serial 
data, the phase detector 210 outputs “l” for C1 and “0” for S1 
in order to delay the phase of the synchronous clock. If it 
cannot be determined Whether the phase of the synchronous 
clock is ahead of or behind the phase of the serial data, the 
phase detector 210 outputs “0” for C1 and an arbitrary value 
for S1 in order not to shift the phase of the synchronous clock. 
The phase detector 210 further has the function of outputting 
synchronized data, Which is the serial data synchronized by 
the synchronous clock, to a serial-to-parallel converter (not 
shoWn). 
The control signal acquisition unit 220 acquires a phase 

correction control signal for tracking the phase shift of serial 
data and a frequency correction control signal for tracking the 
frequency shift of a serial data signal based on C1/ S1 Which is 
output as a comparison result from the phase detector 210. As 
shoWn in FIG. 1, the control signal acquisition unit 220 
includes an integrator 240, a pattern generator 250 and an 
integrator 23 0. The integrator 23 0 forms a phase tracking loop 
and serves as a phase correction control signal acquisition 
unit that acquires a phase correction control signal. The inte 
grator 240 and the pattern generator 250 form a frequency 
tracking loop and serve as a frequency correction control 
signal acquisition unit that acquires a frequency correction 
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control signal. The integrator 240 corresponds to the “?rst 
smoothing unit” or the “?rst integrator” referred to in claims. 
The mixer 260 mixes the phase correction control signal 

C2/S2 from the integrator 230 and a frequency correction 
control signal C4/ S4 from the pattern generator 250 to obtain 
a mixed signal C5/ S5 and outputs it to the phase interpolator 
270 as a signal for controlling the phase interpolator 270. 

The phase interpolator 270 changes the phase of an input 
clock according to the mixed signal C5/S5. The phase and 
frequency of the synchronous clock thereby track the phase 
and frequency of the serial data, so that the synchronous clock 
is a clock Which is extracted from the serial data. 

The control signal acquisition unit 220 is described here 
inafter in detail. The phase tracking loop is described ?rstly. 

The integrator 230 obtains the phase correction control 
signal C2/S2 by performing integration of C1/S1. Because 
the value of the signal C1/ S1 changes frequently, if the signal 
C1/ S1 is used as it is for the control of the phase interpolator 
270 as a phase correction control signal, the phase of the 
synchronous clock changes frequently. In light of this, the 
integrator 230 functions as a loW-pass ?lter Which smoothes 
the signal C1/S1 and it prevents the frequent change in the 
phase of the synchronous clock Which is output from the 
phase interpolator 270. The integrator 230 is formed by an 
up/doWn counter, for example. It is necessary to use the 
integrator 230 With a small count Width in order to track the 
phase shift at high frequencies. As an example, the integrator 
230 counts from “—5” to “+5” and has the count Width of 6. 

Speci?cally, the integrator 230 counts up When C1:1 and 
S1:1, and counts doWn When C1:1 and S1:0. When the 
count value is “+5” and C1:1 and S1:1, the integrator 230 
outputs “1” for C2 and “1” for S2 and performs clear opera 
tion Which sets the count value back to 0. On the other hand, 
When the count value is “—5” and C1:1 and S1:0, the inte 
grator 103 outputs “1” for C2 and “0” for S2 and performs 
clear operation Which sets the count value back to 0. In other 
cases, the integrator 103 outputs “0” for C2, and “1” for S2 
When the sign of the count value is positive and “0” for S2 
When it is negative. 

The integrator 230 outputs the phase correction control 
signal C2/S2 to the mixer 260. 
The frequency tracking loop is described next. 
The integrator 240 smoothes C1/ S1 by performing integra 

tion and thereby obtains C3/ S3. The integrator 240 is also 
formed by an up/doWn counter. 

The integrator 240 has a count Width changing function and 
changes its count Width. Apart form this point, the count-up 
operation, the count-doWn operation and the clear operation 
of the integrator 240 are the same as those of the integrator 
230. The count Width and the count Width changing function 
of the integrator 240 are described later. 

The pattern generator 250 generates a pattern C4/S4 for 
changing the phase of the synchronous clock signal at the 
frequency corresponding to C3/S3 Which is output from the 
integrator 240 in each pattern generation period With a pre 
determined length and outputs it as a frequency correction 
control signal. The pattern generator 250 further generates a 
signal PO Which indicates the state Where the frequency cor 
rection control signal is not generated and feeds back the 
signal PO and S4 to the integrator 240. 

FIG. 2 shoWs the con?guration of the pattern generator 
250. The pattern generator 250 includes a counter 252, an 
up/doWn counter 254 and a decoder 256. In this embodiment, 
the pattern length of the pattern generator 250 is 10, for 
example. The pattern length is the length of the pattern gen 
eration period of the pattern generator 250. 
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6 
The counter 252 repeatedly counts from “0” to “9” corre 

sponding to the pattern length and the count Width is 10. The 
up/doWn counter 254 also repeatedly counts from “—10” to 
“+1 0” corresponding to the pattern length and the count Width 
is 11. 
The counter 252 repeatedly counts from “0” to “9” in 

synchronization With the clock and outputs the count value to 
the decoder 256. 
The up/doWn counter 254 counts up When C3:1 and S3:1 

and counts doWn When C3:1 and S3:0 in the range of “— 1 0” 
to “+10” according to input C3/S3. When the count value is 
“+10” and C3:1 and S3:1, the count value is kept to “+10”. 
On the other hand, When the count value is “—10” and C3:1 
and S3:0, the count value is kept to “—10”. Further, the 
up/doWn counter 254 outputs PO, Which is POII When the 
count value is 0 and POIO When the count value is other than 
0, to the integrator 240. The up/doWn counter 254 further 
outputs S4 Which indicates the sign of the count value to the 
integrator 240 and the mixer 260 and outputs a count ab solute 
value to the decoder 256. 

Based on the count values of the counter 252 and the 
up/doWn counter 254, the decoder 256 outputs C4 at the 
frequency Which is in proportion to a difference in frequency 
betWeen the serial data and the input clock in 10 clocks Which 
correspond to the pattern length. 

FIG. 3 is a truth table to describe speci?c processing of the 
decoder 256. FIG. 3 shoWs an example of the output C4 of the 
decoder 256 for the input count value of the counter 252 and 
the input count absolute value of the up/doWn counter 254. In 
FIG. 3, “1” indicates C4:1, and “0” indicates C4:0. The siZe 
of the truth table is 10x11, Which is the product of the count 
Width of the counter 252 and the count Width of the up/doWn 
counter 254. 
As shoWn in FIG. 3, the decoder 256 operates as folloWs: 

1. When the count value of the up/doWn counter 254 is “0”, 
the decoder 256 outputs “0” for C4; 

2. When the count absolute value of the up/doWn counter 254 
is “k” (k is an integer of 1 or above), the decoder 256 
outputs “1” k number of times in 10 clocks Which corre 
spond to the pattern length. 
Thus, as the absolute value of the count value of the 

up/doWn counter 254 is larger, the frequency of generating C4 
in one pattern generation period is higher. 

Further, as shoWn in FIG. 3, C4 at the value “1” is generated 
at substantially equal intervals in each pattern generation 
period. For example, if the count absolute value of the 
up/doWn counter 254 is “1”, C4:1 is generated When the 
count value of the counter 252 is “5”, and the interval of 
generation is 10. If the count absolute value of the up/doWn 
counter 254 is “2”, C4:1 is generated When the count value of 
the counter 252 is “3” and “8”, and the interval of generation 
is 5. If the count absolute value of the up/doWn counter 254 is 
“3”, C4:1 is generated When the count value of the counter 
252 is “2”, “5” and “8”, and the interval of generation is 3 or 
4. 

In this manner, C4 is output from the decoder 256 at sub 
stantially equal intervals. 

In this embodiment, the pattern signal C4/ S4 Which is 
generated by the pattern generator 250 is output to the mixer 
260, and S4/PO is fed back to the integrator 240. 
The integrator 240 has the function of changing its count 

value With the use of S4/PO Which is fed back from the pattern 
generator 250. The function is implemented based on the 
direction of a change in the frequency of generating C4 in the 
pattern generation period. 
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When any of the following tWo conditions is met, it is 
determined that the frequency of generating C4 is on the 
increase: 
1. S3 Which is generated in the integrator 240 and S4 Which is 

fed back are the same; 
2. PO Which is fed back is “1”. 
When none of the above tWo conditions are met, it is 

determined that the frequency of generating C4 is on the 
decrease. 

The integrator 240 changes the count Width to be smaller 
When the frequency of generation is on the decrease than 
When it is on the increase. 

In this embodiment, a maximum count Width of the inte 
grator 240 is 64, for example. The integrator 240 sets the 
count Width of the integrator 240 to the maximum value, ie 
64, When the frequency of generation is on the increase, and 
sets the count Width to a value smaller than 64, eg 32, When 
the frequency of generation is on the decrease. In the descrip 
tion beloW, the count Width of the integrator 240 When the 
frequency of generation is on the increase is represented by 
“nu”, and the count Width of the integrator 240 When the 
frequency of generation is on the decrease is represented by 
“nd”. 

FIG. 4 is a vieW to compare the jitter tolerance of the clock 
and data recovery circuit 200 in this embodiment and the jitter 
tolerance of a clock and data recovery circuit Where the count 
Width of the integrator 240 is ?xed. 
As shoWn in FIG. 4, if “nu:64 and nd:32” as in this 

embodiment, the jitter tolerance for the frequency of 1.5 MHZ 
or loWer improves compared With the case Where the count 
Width of the integrator 240 is ?xed to 64 (nu:nd:64), and the 
jitter tolerance for the frequency of l to 4 MHZ improves 
compared With the case Where the count Width of the integra 
tor 240 is ?xed to 48 (nu:nd:48). 
As described above, the clock and data recovery circuit 200 

in this embodiment can avoid the overcorrection of a fre 
quency While maintaining the correction effect of the fre 
quency tracking loop. The jitter tolerance of the circuit as a 
Whole thereby improves. 

Second Embodiment 

FIG. 5 shoWs a clock and data recovery circuit 300 accord 
ing to a second embodiment of the present invention. The 
functional blocks of the clock and data recovery circuit 300 
are the same as those of the clock and data recovery circuit 
200 shoWn in FIG. 1 except that an integrator 320 and an 
integrator 340 substitute for the integrator 240 in the clock 
and data recovery circuit 200. In FIG. 5, the same elements as 
in the clock and data recovery circuit 200 shoWn in FIG. 1 are 
denoted by the same reference symbols and not described 
herein. 

In the clock and data recovery circuit 300, the integrator 
320, the integrator 340 and the pattern generator 250 form a 
frequency tracking loop. The integrator 340 corresponds to 
the “?rst integrator” referred to in claims, and the integrator 
320 corresponds to the “second integrator” referred to in 
claims. 

The integrator 320 may have the same con?guration as the 
integrator 230, and it counts from “—5” to “+5” and the count 
Width is 6, for example. Like the integrator 230, the integrator 
320 smoothes the signal C1/ S1 by performing integration and 
thereby obtains a signal C11/S11. The signal C11/S11 is the 
same as the phase correction control signal C2/ S2 Which is 
obtained by the integrator 230. 

The integrator 340 further smoothes the signal C11/S11 
Which is obtained by the integrator 320 and thereby obtains a 
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8 
signal C3/ S3. The con?guration and the operation of the 
integrator 340 are the same as those of the integrator 240 in 
the clock and data recovery circuit 200 of FIG. 1 except that 
a maximum count Width is smaller than that of the integrator 
240. 
The clock and data recovery circuit 300 has the same 

advantage as the clock and data recovery circuit 200 shoWn in 
FIG. 1. Ifthe integrator 340 counts from “—1 l” to “+11” and 
the count Width is 12, the clock and data recovery circuit 300 
shoWn in FIG. 5 and the clock and data recovery circuit 200 
shoWn in FIG. 1 have the same performance. 

FIG. 6 shoWs a clock and data recovery circuit 400 accord 
ing to a third embodiment of the present invention. The clock 
and data recovery circuit 400 is the same as the clock and data 
recovery circuit 300 shoWn in FIG. 5 except that the integrator 
320 in the clock and data recovery circuit 300 is eliminated 
and the phase tracking loop and the frequency tracking loop 
share the integrator 23 0. In the clock and data recovery circuit 
400, the integrator 340 corresponds to the “?rst integrator” 
referred to in claims, and the integrator 320 corresponds to the 
“second integrator” referred to in claims. 
The clock and data recovery circuit 400 has the same 

advantage as the clock and data recovery circuit 200 shoWn in 
FIG. 1 and the clock and data recovery circuit 300 shoWn in 
FIG. 5. 

Although the embodiments of the present invention are 
described in the foregoing, the present invention is not 
restricted to the above-described embodiments, and various 
changes and modi?cations may be made Without departing 
from the scope of the invention. All such changes and modi 
?cations as Would be obvious to one skilled in the art are 
intended for inclusion Within the scope of the present inven 
tion. 

For example, although a combination of C1:1 indicating 
the need for changing the phase of a clock and S1 indicating 
the direction of changing the phase is used as a phase error 
signal Which is output from the phase detector 210 in the 
embodiments described above, it is not limited to such a 
combination. For example, a combination of UPlIl indicat 
ing the need for advancing the phase of a synchronous clock 
and DOWNlIl indicating the need for delaying the phase of 
a synchronous clock may be used as described in the related 
art. In this case, UP1 corresponds to the logical AND of “C1” 
and “S1” used in the above-described embodiments, and 
DOWN1 corresponds to the logical AND of “C1” and “the 
inversion of S1”. Further, a combination ofDOWN1:1 indi 
cating that the phase of a synchronous signal delays and 
UPlIl indicating that the phase of a synchronous signal is 
leading may be used as the phase error signal. In addition to 
the above-described signal Which indicates the delayed or 
leading state of the phase of a clock, a signal Which indicates 
Whether an integrator in the subsequent stage should count up 
or count doWn (eg the logical AND of C1 and S1) may be 
used. 

It is apparent that the present invention is not limited to the 
above embodiments, but may be modi?ed and changed With 
out departing from the scope and spirit of the invention. 
What is claimed is: 
1. A clock and data recovery circuit comprising: 
a clock generator to generate a synchronous clock signal; 
a phase detector to compare a phase of the synchronous 

clock signal obtained by the clock generator With a 
phase of serial data and obtain a phase error signal cor 
responding to a comparison result of the comparing; 

a phase tracking loop to acquire a phase correction control 
signal for tracking phase shift of the serial data based on 
the phase error signal; and 
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a frequency tracking loop to acquire a frequency correction 
control signal for tracking frequency shift of the serial 
data based on the phase error signal, Wherein 

the clock generator corrects the phase of the synchronous 
clock signal based on the frequency correction control 
signal and the phase correction control signal, 

the frequency tracking loop includes: 
a ?rst smoothing unit to receive the phase error signal 

obtained by the phase detector as an input signal, 
smooth the input signal in each smoothing period With 
a predetermined length and output a smoothed error 
signal; and 

a pattern generator to generate a pattern for changing the 
phase of the synchronous clock signal at a frequency 
corresponding to the smoothed error signal in each 
pattern generation period With a second predeter 
mined length and output the pattern as the frequency 
correction control signal, and 

the ?rst smoothing unit changes the length of the smooth 
ing period according to a direction of a change in the 
frequency of the frequency correction control signal. 

2. The clock and data recovery circuit according to claim 1, 
Wherein 

the pattern generator generates the pattern at substantially 
equal intervals in each pattern generation period. 

3. The clock and data recovery circuit according to claim 2, 
Wherein 

the ?rst smoothing unit sets the length of the smoothing 
period to be shorter When the frequency of the frequency 
correction control signal is decreasing than When the 
frequency is increasing. 

4. The clock and data recovery circuit according to claim 3, 
Wherein 

the frequency tracking loop further includes a second 
smoothing unit connected betWeen the phase detector 
and the ?rst smoothing unit, to smooth the phase error 
signal obtained by the phase detector, and 

the ?rst smoothing unit receives the phase error signal 
smoothed by the second smoothing unit as an input 
signal. 

5. The clock and data recovery circuit according to claim 4, 
Wherein 

the phase tracking loop acquires the phase error signal 
smoothed by the second smoothing unit as the phase 
correction control signal. 

6. The clock and data recovery circuit according to claim 2, 
Wherein 

the frequency tracking loop further includes a second 
smoothing unit connected betWeen the phase detector 
and the ?rst smoothing unit, to smooth the phase error 
signal obtained by the phase detector, and 

the ?rst smoothing unit receives the phase error signal 
smoothed by the second smoothing unit as an input 
signal. 

7. The clock and data recovery circuit according to claim 6, 
Wherein 

the phase tracking loop acquires the phase error signal 
smoothed by the second smoothing unit as the phase 
correction control signal. 

8. The clock and data recovery circuit according to claim 1, 
Wherein 

the ?rst smoothing unit sets the length of the smoothing 
period to be shorter When the frequency of the frequency 
correction control signal is decreasing than When the 
frequency is increasing. 
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9. The clock and data recovery circuit according to claim 8, 

Wherein 
the frequency tracking loop further includes a second 

smoothing unit connected betWeen the phase detector 
and the ?rst smoothing unit, to smooth the phase error 
signal obtained by the phase detector, and 

the ?rst smoothing unit receives the phase error signal 
smoothed by the second smoothing unit as an input 
signal. 

10. The clock and data recovery circuit according to claim 
9, Wherein 

the phase tracking loop acquires the phase error signal 
smoothed by the second smoothing unit as the phase 
correction control signal. 

11. The clock and data recovery circuit according to claim 
1, Wherein 

the ?rst smoothing unit comprises a ?rst integrator, and 
the pattern generator has a pattern length corresponding to 

the pattern generation period With the second predeter 
mined length, counts an integral of the ?rst integrator, 
and generates the frequency correction control signal 
based on a count result. 

12. The clock and data recovery circuit according to claim 
11, Wherein 

the input signal of the ?rst integrator includes a carry signal 
indicating a need for shifting the phase of the synchro 
nous clock signal and a sign signal indicating a direction 
of shifting the phase of the synchronous clock signal. 

13. The clock and data recovery circuit according to claim 
12, Wherein 

the ?rst integrator comprises an up/doWn counter to count 
up or count doWn according to the input signal, and 

the ?rst integrator sets a count Width to be smaller When the 
frequency of the frequency correction control signal is 
decreasing than When the frequency is increasing. 

14. The clock and data recovery circuit according to claim 
11, Wherein 

the input signal of the ?rst integrator includes an up signal 
indicating that the phase of the synchronous clock signal 
is leading and a doWn signal indicating that the phase of 
the synchronous clock signal delays. 

15. The clock and data recovery circuit according to claim 
14, Wherein 

the ?rst integrator comprises an up/doWn counter to count 
up or count doWn according to the input signal, and 

the ?rst integrator sets a count Width to be smaller When the 
frequency of the frequency correction control signal is 
decreasing than When the frequency is increasing. 

16. The clock and data recovery circuit according to claim 
11, Wherein 

the frequency tracking loop further includes a second 
smoothing unit connected betWeen the phase detector 
and the ?rst smoothing unit, to smooth the phase error 
signal obtained by the phase detector, and 

the ?rst smoothing unit receives the phase error signal 
smoothed by the second smoothing unit as an input 
signal. 

17. The clock and data recovery circuit according to claim 
16, Wherein 

the phase tracking loop acquires the phase error signal 
smoothed by the second smoothing unit as the phase 
correction control signal. 

18. The clock and data recovery circuit according to claim 
1, Wherein 

the frequency tracking loop further includes a second 
smoothing unit connected betWeen the phase detector 
and the ?rst smoothing unit, to smooth the phase error 
signal obtained by the phase detector, and 
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the ?rst smoothing unit receives the phase error signal the phase tracking loop acquires the phase error signal 
smoothed by the second smoothing unit as an input smoothed by the second smoothing unit as the phase 
signal. correction control signal. 

19. The clock and data recovery circuit according to claim 
18, Wherein * * * * * 


